In the United States, the rapid increase in shale gas production has recently stimulated local economies. This paper investigates the regional economic impact of shale gas development. The border of New York and Pennsylvania provides a natural experiment for its economic impact because of the moratorium on fracking in NY and the supportive fracking regulations in PA. Using BLS data from 2001-2013, results show that shale gas development has a statistically significant impact at the industry level, but not across the entire economy. The findings contribute new evidence to the economic benefits and the boom-bust cycle of shale gas extraction.
Introduction
Over the past decade, the technological advancements of hydraulic fracturing and horizontal drilling have led to the economic feasibility and rapid growth in natural gas production.
Hydraulic fracturing or "fracking" is the process of injecting pressurized fluids that creates a network of cracks in rock formations at 5,000 to 10,0000 feet below the Earth's surface. These cracks allow trapped natural gas in underground shale formations to release and flow into the wells at the surface. Over 99% of the fracking fluids is water, while the remainder is a combination of sand and chemicals (Higginbotham et al. 2010) . The pressurized fluids create a network of fractures that allow trapped natural gas in underground shale formations to release and flow into the wells. Natural gas is produced from unconventional methods that use a combination of hydraulic fracturing and horizontal drilling or the conventional methods that use vertical drilling.
In the United States, the evolving natural gas markets will increase the consumption of natural gas for electricity and allow the U.S. to become a net export of natural gas by 2019 (EIA 2013) . Over half of the US natural gas production comes from unconventional gas resources such as deep gas, tight gas, shale, coalbed methane, and geopressurized zones (Jacquet 2012) . Between 2000 and 2009, approximately 190 ,000 conventional and unconventional natural gas wells have been drilled in the US (Jacquet 2012) . Shale gas production is expected to grow from 7.85 trillion cubic feet in 2011 to 16.70 trillion cubic feet in 2014 at an annual growth rate of 2.6% (EIA 2013) . At this rate, shale gas will provide the largest source of growth in the domestic supply of natural gas (EIA 2013) .
The Marcellus Shale covers 95,000 square miles and spans across four states: Ohio, West Virginia, New York, and Pennsylvania. Over 350 million years ago in the Devonian, the sedimentary rock formation developed along the eastern coast of the US. The thicker layers of the Marcellus formation consist of coarser grained sandstone, siltstone, and shale; the thinner layers consist of finer grained black and gray shale (Higginbotham et al. 2010) . The low permeability and deeper depths of shale formations decreases the ability of natural gas to escape from conventional methods; thus, unconventional methods increase the probability of releasing and capturing the trapped gas (Higginbotham et al. 2010 ).
The introduction of fracking and horizontal techniques transformed the energy potential of the Marcellus Shale in the Appalachian Basin. In 2003, the first natural gas well of the Marcellus was drilled in Washington County, Pennsylvania. Natural gas production rapidly expanded in Pennsylvania from 195 wells drilled in 2008 to 1,386 in 2010 (Brasier et al. 2011 ).
Based on estimates from the U.S. Energy Information Administration (EIA), the Marcellus Shale has 141 trillion cubic feet of recoverable natural gas and contains nearly 30% of all reserves in the U.S. (EIA 2012) . The abundance of natural gas in the U.S. most likely will provide cheap energy for Americans to drive growth in many sectors.
Over the next twenty years, many studies forecast shale gas development to create millions of jobs, billions in tax revenues, and billions in GDP across the U.S. Between 2012 and 2035, the U.S. will spend over $3.0 trillion in capital expenditures for unconventional natural gas activity (IHS 2012) . Employment in the shale gas industry is expected to grow 3.76% annually and support over 2.1 million jobs by 2035 (IHS 2012) . Tax revenues are expected to grow 3.06% annually and contribute approximately $60 billion to federal, state, and local governments by 2035 (IHS 2012) . In 2012, the shale gas industry added $121.7 billion to U.S. GDP; in 2035, it is expected to add $287.1 billion (IHS 2012) . Thus, shale gas development may provide significant economic benefits such as job creation and tax revenue generation. However, this industry only represents less than one percent of the U.S. economy.
Shale gas development has sparked a debate over its potential human health and environmental risks. The supporters of natural gas development tend to believe that it will lead to the energy independence of the U.S., significantly reduce greenhouse gas emissions relative to fossil fuel sources, and stimulate local economies. On the other side, the opponents tend to believe that it will increase the risk groundwater contamination, deplete local aquifers, emit more methane into the atmosphere, and damage local infrastructures and landscapes. Proponents of shale gas development mention its major economic benefits, but there is a debate in the literature about the significance of its economic impact. In 2008, New York placed a statewide moratorium on fracking because it wanted to properly evaluate its environmental costs before commercial production. Over 150 local towns in New York have outright banned fracking because of the major uncertainty in community perceptions surrounding its long-term consequences. Looser fracking regulations have allowed shale gas development in states such as Pennsylvania, West Virginia, North Dakota, and Texas.
Literature Review
Industry-funded studies suggest that shale gas development has major economic impacts at the state level. In 2009, Pennsylvania spent $4.5 billion in shale gas development (Considine, Watson, and Blumsack 2010) . The economic benefits of this development for Pennsylvania were the creation of more than 44,000 jobs, $389 million in state and local tax revenues, and $3.9 billion in GDP (Considine, Watson, and Blumsack 2010) . By 2015, the number of natural gas wells drilled is predicted to nearly quadruple from 710 wells in 2009 to 2,903 wells (Considine, Watson, and Blumsack 2010) . This rapid increase in shale gas production corresponds to the Pennsylvania economy potentially creating over 160,000 jobs, $1.4 billion in state and local tax revenues, and $14.5 billion in value added in 2015 (Considine, Watson, and Blumsack 2010) .
Similar to Pennsylvania, the state of West Virginia experienced job creation, increased tax revenues, and higher GDP levels. In 2009, the Marcellus Shale development in West Virginia created over 24,000 jobs, $110 million in state and local tax revenues, and $3.1 billion in total value added (Higginbotham et al. 2010) . Additionally, this development generated higher levels of income for the state by paying more than $550 million in wages (Higginbotham et al. 2010) . In Arkansas, shale gas development in the Fayetteville Shale created 9,500 jobs in 2007 (Center for Business and Economic Research, 2008) . The rapid production in shale gas has significantly increased economic activity in other sectors. According to the IO model, the shale gas industry has stimulated the economy through the increased spending patterns of households and between industries and direct payments to landowners. However, industry-sponsored studies tend to overestimate the economic impact of shale gas development relative to academic studies that use the same IO method (Kinnaman 2011) . The incentive of the industry-sponsored studies to produce results that have higher economic impact levels may be responsible for this positive bias.
Academic studies tend to estimate smaller economic impacts of shale gas development.
In Colorado, Texas, and Wyoming counties, an additional million dollars in natural gas production generated 2.35 more jobs and increased the pre-boom employment level by 1.5% (Weber 2012) . Based on these results, natural gas development in the Fayetteville Shale created less than 1,400 jobs in 2007 for Arkansas compared to the industry-funded estimate of 9,500 jobs (Weber 2012) . Additionally, Weber (2012) concluded that natural gas development in the Marcellus Shale created around 2,200 jobs in 2009 for Pennsylvania compared to the industry-funded study of Considine, Watson, and Blumsack (2010) (Cruz, Smith, and Stanley 2014) . Therefore, the BLS found that natural gas development created, on average, roughly 3,020 jobs annually for Pennsylvania. This estimate supports the lower economic impact estimate of Weber (2012) .
Most industry-funded studies use the input-output (IO) model to estimate the economic impact of shale gas development. The IO model estimates the direct, indirect, induced, and total economic impacts of shale gas development. The direct impact measures the economic effect of the expenditures by the shale gas industry; the indirect impact measures the economic activities that result from the initial stimulus from the expenditures as the capital flows to other sectors of the economy; the induced impact measures the spending of households that directly or indirectly receive benefits from natural gas development as their income increases; the total impact equals the sum of the direct, indirect, and induced impacts. The IO model provides an image of the economic structure at a certain point in time by accounting for the flow of funds between industries, households, and governments (Stimson, Stough, and Roberts 2006) . It has the ability to measure gross output, value added (GDP), tax revenues, employment, and wages and salaries in order to estimate the economic impacts (Considine, Watson, and Blumsack 2010) .
Based on historical relationships within the local economy or within similar economies, the IO model uses regional economic multipliers to estimate the cascading effect of how spending in one industry affects other industries of the economy by following the flow of capital between them (PwC 2013). Thus, the regional economic multipliers are coefficients that link each industry in a region to all other industries (Barth 2013 ). The IO model can estimate the economic impacts from historical observations and forecast the economic impacts on a regional economy (Stimson, Stough, and Roberts 2006) .
Despite the benefits of the input-output model, it has major unrealistic assumptions. All individuals have identical spending patterns in the IO model; however, this assumption ignores the potential for transient workers (Wooldridge 2012) . The regions with an already established natural gas industry may be able to only hire local workers, but regions with a limited number of skilled workers have to hire outside workers. Transient workers that only temporarily live in the community tend to have different spending patterns than local workers because they spend their incomes on goods and services outside of the local economy. The assumption of identical spending patterns may overestimate the economic impact of natural gas development in a region if a significant portion of its labor force contains temporary workers.
The static time property of the IO model presents more issues for accurate estimations.
The regional economic multipliers and prices are held constant over time. This unrealistic assumption doesn't capture the dynamic effects of the natural gas industry on the regional economy (Black, McKinnish, and Sanders 2005) . In areas that do not have a developed natural gas industry, there is no way of determining its specific regional economic multipliers based off of historical relationships if it never existed. The IO model uses regional economic multipliers from other regions that have actually experienced natural gas development, but this may not be an accurate representation of the relationships between the industries (Stimson, Stough, and Roberts 2006) . Thus, this problem may result in inaccurate conclusions about the economic impacts.
The IO model assumes that a large percentage of the direct industry spending occurs within the regional economy (Kinnaman 2011 ). On average, most studies used 95% for direct industry spending, but the value may not be an accurate representation of the regional economy (Kinnaman 2011) . Additionally, the IO model ignores the possibility of direct spending crowding out other sectors of the economy that use the same resources. Therefore, the assumed large value of direct spending and no crowding out effect may overestimate the local economic impacts of shale gas development. Lastly, the IO model ignores the environmental impacts and negative externalities in its estimation of the economic impacts. The environmental costs of fracking may have significant negative effects on regional economies and reduce the overall economic impacts of shale gas development. Therefore, industry-funded studies may have the incentive to overestimate economic impacts and produce misleading expectations for shale gas development.
In the academic literature, the difference-in-differences (DID) method is used to estimate the economic impact of shale gas development. It estimates the difference between the treatment and control groups both before and after the exogenous event. Muehlenbachs, Spiller, and Timmins (2012) applied the difference-in-difference-in-differences (DDD) method, a variation of the DID method, to a natural experiment including data on property values and proximity to natural gas wells. The "treatment" effect was exposure to groundwater contamination risk. The first treatment group was the property values within 2000 meters from a natural gas well and the first control group was the property values outside of 2000 meters from a well. The second treatment group was the homes that relied on groundwater and the second control group was the homes that relied on the Public Water Service Areas. Since these two treatment and two control groups overlapped for some observations, the DDD model could determine the impact of groundwater contamination risk from shale gas development on property values that rely on groundwater for their water source.
The hedonic price models and triple difference (DDD) estimators have produced mixed results for the impact of shale gas development on local housing prices and the value of the environmental costs of fracking. According to many studies natural gas development has a small negative impact on property values studies. Boxall, Chan, and McMillan (2005) estimated the impact of oil and natural gas development on residential property values in rural areas in Calgary, Canada. They concluded that property values have a statistically significant negative relationship with the number of natural gas wells within four kilometers of the property. Thus, natural gas development significantly reduces housing prices. However, Muehlenbachs, Spiller, and Timmins (2012) investigated this relationship and concluded that there was not a statistically significant relationship between natural gas development and housing prices. The proximity or distance to natural gas wells significantly increased housing values, but the value of groundwater risk completely offsets these economic gains. Additionally, they found that groundwater risk factor reduced property values up to 24%. Taylor, Phaneuf, and Liu (2012) determined that commercial properties reduced neighboring residential property values by 4.5% to 5.5% and environmental contamination reduced them an additional 2.5-3.0%.
Due to the boom-bust cycle of coal mining in the 1970s and 1980s, residents in regions that experienced coal development tended to have negative attitudes towards natural gas development. The residents believed that natural gas industry would rapidly grow and decline similar to the coal industry (Brasier et al. 2011 ). Ladd (2013) issued a survey to local residents in the Haynesville Shale of Louisiana to understand their perception of the benefits and costs associated with unconventional natural gas production. According to the results, 57% of the respondents believed that the benefits outweighed the costs; however, a significant minority of 31% believed that the costs outweighed the benefits. The most popular environmental costs mentioned were increased road damage, noise, traffic accidents, and the contamination of water resources.
Over the past decade, shale gas development appears to have both positive and negative impacts on local economies. Studies that used the input-output model may not fully capture the social impact due to its unrealistic assumptions and not including environmental costs. IO models resulted in large and positive impacts to both state and local communities, but this may overstate the net benefits of shale gas development. The socioeconomic benefits of shale gas generally were increased jobs, tax revenue generation, value added, and new economic opportunities for local businesses and landowners. Studies that used the hedonic price model determined that the environmental costs of shale gas development significantly reduced housing prices. The major uncertainty surrounding the new unconventional methods of hydraulic fracturing and horizontal drilling have produced mixed attitudes towards this development across local communities. Studies have estimated the short-run economic impacts of shale gas development, but they have generally failed to measure its long-run economic impacts. More studies need to focus on the long-run effects in order to gain a better understanding of the natural gas industry.
Data and Difference-in-Differences Model
This study uses monthly and quarterly data from the Bureau of Labor Statistics Quarterly Census of Employment and Wages (QCEW) program for the period 2001-2013. The BLS data includes private employment and total wages (in thousands) across all industries and establishment sizes at the county level for New York and Pennsylvania. Additionally, the monthly employment data and the quarterly wages data measure economic activity within the natural resources and mining industry. For this study, the natural resources and mining industry is defined as an aggregate of the two sectors: the agriculture, forestry, fishing and hunting (North American Industry Classification System (NAICS) 11) and the mining, quarrying, and oil and gas extraction (NAICS 21). The agriculture, forestry, fishing and hunting sector contains establishments that grow crops, raise animals, and harvest timber, fish, or animals. The mining, quarrying, and oil and gas extraction sector contains establishments that extract naturally occurring mineral solids (coal and ores), liquid minerals (crude petroleum), and gases (natural gas); and support activities for mining activities. The mining sector serves as a better representation of shale gas activity than the larger natural resources and mining industry; however, most of the data in the mining sector is not disclosable because it does not meet BLS or State agency disclosure standards and the data is annual instead of monthly or quarterly. Thus, the natural resources and mining industry provides a more robust data set with more reported data on a shorter time scale.
This study uses several other sources to estimate shale gas development across the whole Pennsylvania border to the center of each zip code in New York and Pennsylvania. The combination of zip code level and distance data provides distance bands to measure the economic impact of shale gas development at 50,000 meters (31 miles) and 100,000 meters (62 miles) from the border.
The Bureau of Economic Analysis Local Area Personal Income and Employment contains annual private employment, total earnings (in thousands), and per capita personal income at the county level within the mining industry. The mining industry is defined as the aggregate of the oil and gas extraction, mining, except oil and gas, and support activities for mining sectors. The mining industry without the mining, except oil and gas sector may serve as a better representation of shale gas development, but most of the BEA data is not disclosed at the sector level.
This study uses the difference-in-differences method to estimate the economic impact of shale gas development. The difference-in-differences (DID) method attempts to determine the impact of a treatment at a certain point in time. The DID method can be applied to data from a natural experiment. In a true experiment, the treatment and control groups are randomly and explicitly chosen; however, in a natural experiment, these groups are non-random samples because they are "naturally" determined by an exogenous event. The treatment group is affected by the exogenous event, while the control group is not affected by this event. In order to control for systematic differences between the groups, data is required before and after the event.
Therefore, the only systematic difference between these groups is the treatment effect.
Besides the non-randomization problem, the unobserved heterogeneity or unobservable omitted variables problem occurs in DID applications because it may be impossible to observe some relevant explanatory variables. In order to try to fix the non-randomization and unobservable omitted variables problems, the DID estimator compares the outcome change in the treatment group with the outcome change in the control group (Card and Krueger 1994) . The DID method has four major groups within its sample: the control group before the event, the control group after the event, the treatment group before the event, and the treatment group after the event (Wooldridge 2012). Card and Krueger (1994) applied the DID method to a natural experiment in New Jersey and eastern Pennsylvania. They used employment data from the fast food industry in both states to investigate the economic impact of raising the minimum wage. Due to New Jersey raising its minimum wage from $4.25 to $5.05 per hour and Pennsylvania holding its minimum wage fixed at $4.25, New Jersey represented the treatment group and Pennsylvania represented the control group. Based on the treatment effect, the minimum wage hike caused a modest increase in employment for the fast food industry in New Jersey.
Natural Experiment
In this study, the counties along the New York and Pennsylvania border serve as a natural experiment for the economic impact of shale gas development. From a spatial perspective, the New York border counties should have more similar attributes to the Pennsylvania border counties relative to the Pennsylvania counties further away from the border. Only sampling from these counties may limit the systematic differences between the treatment and control groups. A natural experiment has an exogenous event impact a treatment group and not impact a control group at a certain point in time. In this study, the border counties of Pennsylvania serve as the treatment group because it was affected by shale gas development in 2008. The border counties of New York serve as the control group because its fracking moratorium didn't allow shale gas development. It has major importance because natural experiments usually don't exist in economics because we can't change a policy in order to estimate its impact.
We used the difference-in-differences (DID) method to estimate the economic impact of shale gas development. It estimates the difference between the treatment and control groups both before and after the exogenous event. In this case, it estimates the changes in economic outcomes between the border counties of New York and Pennsylvania before and after shale gas development in 2008. Thus, the application of the DID method to the natural experiment along the border can measure the economic impact of shale gas development.
In this natural experiment, the DID method assumes that if there was no shale gas development in Pennsylvania, the change in the outcome for the border counties of Pennsylvania would equal the change in the outcome for the border counties of New York. The Pennsylvania border counties serve as the treatment group, while the New York border counties serve as the control group. The beginning of 2008 represents the point in time that separates the changes that occurred before and after shale gas development. Therefore, the DID estimates the economic impact of shale gas development by comparing the changes in outcomes before and after 2008.
To investigate the economic impact of shale gas development, we estimate a differencein-differences model with additional time controls:
(1) The parameter, δ 1 , measures the average treatment effect of shale gas development. Thus, it measures the effect of shale gas development on wages by differencing the differences in the average wages between the border counties of Pennsylvania and New York before and after 2008.
There are several potential problems with our DID model. Firstly, the DID approach assumes that the outcome in the treatment group (PA) and control group (NY) follow the same linear time trend in the absence of the treatment effect (shale gas development). However, it does not control for the possibility that the treatment or controls groups grew at a faster or slower rate before the treatment effect relative to their trend after the treatment effect. Weber (2012) implemented a more robust triple difference approach (DDD) to estimate the economic effects of a natural gas boom in Colorado, Texas, and Wyoming counties in order to account for this potential issue. Secondly, the unobserved heterogeneity problem may arise in our DID model.
Relevant explanatory variables that are unobservable, but are correlated with the included explanatory variables may exist. Thus, the omitted variables will be included in the error term and may lead to biased OLS estimates for the correlated explanatory variables.
To investigate the short-term effects of shale gas development, we estimate a differencein-differences model with year fixed effects: year fixed effects. Therefore, the DID model with year fixed effects has the ability to detect any changes in short-term trends during the potential boom phase of shale gas development.
Results and Discussion
Our results suggest that shale gas development has a significant positive effect within the natural resources and mining industry, but it does not have a significant impact across the entire local Notes: Robust standard errors are reported within parentheses. ** Indicates two-tailed significance at the 1% level. * Indicates two-tailed significance at the 5% level. Table 4 represents the results from the DID model with year fixed effects for the same data as Table 3 Notes: Robust standard errors are reported within parentheses. ** Indicates two-tailed significance at the 1% level. * Indicates two-tailed significance at the 5% level. These results are statistically significant at the 1% level of significance. None of these economic measures are statistically significant within 50,000 meters of the border; however, they are statistically significant within 100,000 meters of the border at the 1% level. From before and after 2008, there is not a statistically significant change in any of these three economic measures for New York zip codes regardless of the distance from the border. Shale gas development does not cause a statistically significant change in annual payroll, employment, or the number of establishments at the zip code level. Notes: Robust standard errors are reported within parentheses. ** Indicates two-tailed significance at the 1% level. * Indicates two-tailed significance at the 5% level. Notes: Robust standard errors are reported within parentheses. ** Indicates two-tailed significance at the 1% level. * Indicates two-tailed significance at the 5% level. Table 6 represents the results from the DID model with year fixed effects for the same data as These results are statistically significant at the 5% level. Shale gas development did not cause a statistically significant change in mining industry employment. Notes: Robust standard errors are reported within parentheses. ** Indicates two-tailed significance at the 1% level. * Indicates two-tailed significance at the 5% level.
Natural Resource Curse
Local economies that produce shale gas and rapidly grow may experience the "natural resource curse." According to this theory, economies that depend more on natural resources have slower long-term economic growth (Frankel 2010) . There is a low negative correlation between natural resource economies and economic growth; however, there are a mix of successes and failures (Frankel 2010) . During the 1970s and 1980s, the coal boom and bust affected local economies in Kentucky, Ohio, Pennsylvania, and West Virginia. Black, McKinnish, and Sanders (2005) found that the coal boom increased employment two percentage points higher, earnings five percentage points higher, and significantly reduced poverty in coal counties than in non-coal counties. The boom phase lasted for over a decade until the bust phase eliminated its economic benefits.
The boom and bust cycle of the coal industry can serve as a case study for the natural gas industry. Local economies that are more dependent on natural gas are more likely to have greater growth in employment and income than more diversified economies. However, the more dependent economies are more likely to have slower economic growth in the long run. In Pennsylvania, rapid production in shale gas has attracted more workers as industry wages are increased. The shale gas boom may continue over the short run, but the shale gas bust is inevitable because it's a non-renewable natural resource. Once shale gas production slows down, employment levels will decline and industry workers may be forced to find new jobs.
Our results suggest that shale gas development did not significantly increase employment and wages within the natural resources and mining industry until two years after the beginning of rapid production in Pennsylvania. After this two-year lag, Pennsylvania experienced a shale gas boom as employment levels grew 37.6% annually and wages grew 39.9% annually from 2010 to 2013. Thus, local economies may not immediately experience the benefits of the shale gas boom, but will experience major growth in this industry in the years following the delay. Despite major industry growth, shale gas development never caused economic growth across all industries in Pennsylvania because of its insignificant size relative to the overall local economy.
Conclusions
The popular methods used in the recent primary literature do not fully capture the social impact of shale gas development. Due to its unrealistic assumptions, the input-output (IO) model tends to overestimate its net economic benefits. Additionally, the IO model ignores the environmental costs of fracking on local communities. The hedonic price model has the ability to estimate the environment costs, but it fails to capture most of the potential economic benefits. The difference-in-differences (DID) model may be able to more accurately estimate the economic impact of shale gas development over time than the IO model. However, unobserved heterogeneity may cause significant problems with the precision of the results. In this study, the DID model did not account for the economic impact of the recession and omitted a potentially relevant variable that measures the attitudes of communities in Pennsylvania and New York.
Shale gas development has a significant economic impact at the industry level, but not across the whole economy. Policymakers should lower their expectations of shale gas booms from industry-funded results because of unrealistic assumptions that lead to overestimations. A shale gas boom will create jobs, increase wages, and generate tax revenues for local and state governments; however, a shale gas bust may eliminate all of its economic benefits. Due to the recent technological advancements in the natural gas industry of horizontal drilling and hydraulic fracturing, many local economies are experiencing the boom phase and are uncertain about the bust phase. Based on the boom-bust cycle of the coal industry, policymakers should understand that economic growth due to shale gas development is a short-term phenomenon and prepare their communities for the bust in the long-term. Looking beyond this study, if policymakers impose excise taxes on the industry and diversify their communities early enough, the communities may successfully take advantage of the economic benefits of shale gas development.
Policy Implications
The natural gas industry does not represent a large enough part of the economy for shale gas development to significantly improve local economies. It will improve employment and wages within the industry, but its economic impact may not be as large as industry-funded studies suggest. Before shale gas development in the Marcellus Shale, the natural resources and mining industry only accounted for 2% of the total employment and wages in the Pennsylvania counties along the New York border. After shale gas development, this industry accounted for 4% of the total employment and wages in the Pennsylvania border counties. Additionally, local and state governments need to evaluate the local infrastructure relative to other natural gas economies across the U.S. In North Dakota, the rapid production in the Bakken Shale led to faster economic growth than areas with more complex infrastructure such as the Barnett Shale in Texas.
Therefore, policymakers need to adjust their expectations for its economic impact based on the size of the natural gas industry relative to the entire local economy and the local infrastructure.
Local and state governments need to take advantage of the shale gas booms and prepare for shale gas busts. They should implement an excise tax on the natural gas industry that internalizes the external costs of shale gas production. The optimal excise tax should be set equal to the marginal social cost of shale gas extraction in order to reduce production levels to the socially optimal quantity (Kinnaman 2011) . In order to determine the amount to tax, governments need to perform a cost-benefit analysis of shale gas development in the local economy. This process should account for both the potential economic and environmental risks over the short and long-term. The excise tax may slightly reduce shale gas production and revenue generation for governments, but it should increase the overall benefits to communities.
Natural resource busts tend to have a greater negative impact on economies dependent on natural resources than more diversified economies. Local and state governments should diversify local economies sooner rather than later in order to limit the negative consequences of the bust phase. After the implementation of excise taxes for natural gas companies, they can reduce taxes for local businesses in order to attract greater economic activity in other industries.
Additionally, they can invest the short-term gains from the shale gas boom in other industries to improve the long-term growth for communities.
It is the responsibility of the government to inform their communities about the economic and environmental implications of shale gas development. Every community has its own perception of the benefits and risks associated with shale gas. The government and natural gas companies need to communicate the boom and bust cycle of natural resources, its economic and environmental risks, and its short-term and long-term costs and benefits. A better-informed community has a greater chance of adapting its economy to shale gas development and maximizing its potential benefits.
